A total of 200 patients tested with QFT were included in the analysis. LTBI investigation and QFT testing were considered to be appropriate in 87.5% and 66.5% of patients, respectively. Overall, 67 QFT tests were performed inappropriately; 25 were performed when a LTBI investigation was not indicated and 42 were performed whe LTBI interpretation was possible with the result of the tuberculin skin test alone. Among the 175 patients investigated appropriately for LTBI, 49 QFT tests (28%) were interpreted incorrectly; 32 patients (at high risk of developing active tuberculosis) had a positive tuberculin skin test and a negative QFT result wrongly interpreted as being negative for LTBI and 13 patients should have undergone further LTBI investigations. ConCLuSIon: Globally, the present study revealed that there are discrepancies on how the IGRA was employed and interpreted in a Montreal hospital and that strict compliance to the guidelines could significantly reduce errors in interpretation.
T uberculosis (TB) infection remains a major public health issue worldwide. Global efforts are focused on the prevention, diagnosis, screening and treatment of TB (1, 2) . Identification and treatment of latent TB infection (LTBI) are among the preferred strategies to control dissemination of the disease (3) . The WHO published guiding principles for national TB programs (1) . According to the Canadian Tuberculosis Standards, testing for LTBI is indicated for infected patients at high risk of developing the disease (4) . Until recently, tuberculin skin testing (TST) was the only available test for diagnosis of LTBI. Interferon-gamma release assays (IGRAs) are now approved as complementary tools for diagnosing Mycobacterium tuberculosis infection (4) (5) (6) (7) (8) .
Despite the lack of a gold standard for diagnosis of LTBI, and despite the understudied predictive value of IGRAs (9) , the Canadian Tuberculosis Committee issued recommendations for the use of IGRAs based on best available scientific evidence, national TB incidence and Bacillus Calmette-Guérin (BCG) vaccination prevalence (5, 10, 11) .
The infectious disease department at Hôpital du Sacré-Coeur de Montréal
(Montreal, Quebec) implemented a local algorithm for LTBI investigation, derived from current Canadian TB guidelines (4, 10) .
Performance indicators are necessary to evaluate quality improvement in health care (12, 13) . To this end, we conducted an internal audit, the goals of which were to review the use of a newly implemented IGRA in our centre, to evaluate its concordance with Canadian recommendations and to understand its implication on diagnosis.
MethoDS

Study settings
Hôpital du Sacré-Coeur de Montréal is a 554-bed, adult tertiary care teaching hospital of, serving as a reference centre in respiratory medicine. In April 2007, Quantiferon TB Gold In-Tube (QFT) (Cellestis Inc, USA) was instituted in the medical microbiology laboratory. Indications and advantages of QFT testing were explained in a letter sent to all physicians and reinforced via targeted formal presentations to ORiginAl ARtiCle staff members of the infectious diseases and respiratory departments. Concomitantly, a local algorithm, derived from the Canadian Tuberculosis Standards (4) and the Canadian Tuberculosis Committee position statement (10) was constructed and proposed ( Figure 1 ). There was no restriction among physicians on who could order the test and in what specific context it could be prescribed.
From April 2007 to January 2009, all QFT tests performed in the institution were retrieved from the microbiology data bank. Patients without a medical record in the institution were excluded from the analysis. Approval from the institution's ethics committee was obtained before conducting the audit. Demographic and clinical characteristics of patients were recorded from medical charts using a standardized form.
Definitions
High TB incidence countries were defined as having a threeyear average rate of sputum smear-positive pulmonary TB ≥15 per 100,000 population (1) . Patients considered at high risk of reactivation (according to Canadian Tuberculosis Standards) included those being immunosuppressed (excluding cigarette smoking, diabetes and being underweight as single factors) and demonstrating radiographical evidence of past untreated TB (excluding the presence of granuloma alone) (4). TST conversion was confirmed only after excluding a booster effect. BCG vaccination status was based on vaccination certificate and/or on patient recall. A decision was considered to be appropriate if it followed the local algorithm.
QFt procedure
The QFT procedure was protocolized according to the manufacturer's monograph (14) . All critical steps for collecting and handling samples were thoroughly explained to phlebotomists, which included a sampling volume of ≥1 mL in all three specialized blood collection tubes (nil control tube, TB antigen tube and mitogen control tube), tube inversion for 5 s immediately after collection and immediate transport to the laboratory at room temperature. Technicians rejected all inadequate specimens arriving to the laboratory. Accepted specimens were incubated as soon as possible, and within 16 h of collection. Following a 16 h to 24 h incubation period and centrifugation, plasma samples were stored at 4°C for a two-to four-week period, until further testing for quantification of interferon-gamma using ELISA. Data analysis and result interpretation were done using the Quantiferon-TB Gold IT Analysis software. Table 1 , 128 patients were born in a foreign country. One hundred thirty-four patients had previous BCG vaccination. A TST was performed in 188 patients, 163 of which followed the algorithm. Appropriate screening indications with TST included health care workers (32.0%), immunocompromised patients (23.5%), individuals in the context of a contact investigation (12.5%), immigrants at high-risk of recent exposure (10.5%), pre-employment (2.5%) and individual with radiographic evidence of old TB (0.5%). LTBI investigation was then considered inappropriate in 12.5% of patients. The median time interval between TST and QFT testing was 42 days (interquartile range 14 to 114 days).
ReSuLtS
Patient characteristics
Indications for QFt testing
According to the algorithm, QFT testing was considered to be appropriate in only 66.5% of patients (Table 2) . QFT testing was appropriately used in 133 patients, either as a two-step approach (in 27 patients at increased risk of reactivation after a negative TST and 67 patients at low risk of developing the disease after positive TST) or as simultaneous TST/QFT testing in 39 patients at high risk of exposure.
Overall, 67 QFT tests were ordered inappropriately. Twenty-five QFT tests were performed when LTBI should not have been investigated (high suspicion of active TB or previous history of treated TB). When investigation for LTBI was indicated, 42 QFT tests were performed when LTBI interpretation was possible with the result of the TST alone: 21 QFT tests in a context of increased risk of reactivation after a positive TST, two in low-risk TB exposure after a negative TST and seven in health care workers after TST conversion. Finally, in 12 patients, a QFT test was performed without a previously administered TST, all in patients at increased risk of developing active TB.
Interpretation of tSt/QFt results
Among the 175 patients investigated appropriately for LTBI, 126 (72%) had correct TST/QFT interpretations, while 49 patients (28%) had interpretative TST/QFT errors (Table 3) . Thirty-two of these errors occurred when clinicians falsely interpreted a positive (+)TST/negative 
Figure 1) Local algorithm of latent tuberculosis (TB) infection (LTBI) investigation (derived from Canadian guidelines). CXR Chest x-ray; QFT Quantiferon TB Gold In-Tube (Cellestis Inc, USA); TST Tuberculin skin testing application and Interpretation of IGRa
(−) QFT result as being negative for LTBI in patients at a high risk of developing active TB (22 at high-risk exposure, seven at increased risk of reactivation and three health care workers with TST conversion). Three patients at low risk of developing active TB had a +TST/−QFT result and were wrongly diagnosed as having LTBI (instead of being regarded as having a false +TST result). One patient at low risk of developing the disease had a +TST/+QFT result and was not diagnosed as having LTBI. Thirteen QFT results (7.4%) should have prompted further LTBI investigation, which was not ultimately done; in 10 cases, a TST should have been performed after a −QFT or indeterminate QFT result, while three indeterminate QFTs should have been repeated.
DISCuSSIon
The use of IGRAs has grown considerably in the diagnosis of LTBI during the past decade. IGRAs have promising advantages over the conventional TST, which include a single medical visit, fewer technical errors, increased specificity in patients with previous BCG vaccination and possible better sensitivity in immunocompromised patients (5, 6, 15) . Nevertheless, according to a recent meta-analysis, neither IGRAs nor the TST have high accuracy for the prediction of active TB, although use of IGRAs in some populations may reduce the number of people considered for preventive treatment (9) .
Most national TB guidelines now include IGRA among the investigative tools of choice and provide valuable information on their clinical use in various settings (5-8). However, there remains considerable confusion about the applicability of such guidelines; they have marked heterogeneity due, among other reasons, to the variable local availability of QFT testing, BCG vaccination prevalence, national TB incidence and immigration profile (8) . Furthermore, the majority of these guidelines have certain methodological flaws (level of evidence is not always graded and conflicts of interests not disclosed). Finally, clinicians who are not familiar with current guidelines may find them complex and confusing.
Until now, performance indicators evaluating the adequacy of IGRAs use have been seldom studied (16, 17 ). An internal audit was performed in our centre to identify the added value and shortcomings of the use of the IGRA when applied via a standardized algorithm derived from Canadian guidelines.
The present study revealed that there are significant discrepancies on how IGRAs are employed in our centre; overall, the use of QFT testing correctly followed the 2008 Canadian Tuberculosis Committee position statement in two-thirds of cases, which is better than the 24% obtained in a previous United Kingdom audit (16) . When a clinical situation warranted LTBI investigation, the use of QFT testing was appropriate in 76% of cases. The most common error was ordering a QFT test following a TST+ result in patients at increased risk of reactivation; in each of these situations, a diagnosis of LTBI was possible without further QFT testing.
There was one context in the local algorithm in which the appropriate investigation was ambiguous, ie, clinicians had the option of either performing a TST and/or a combination of TST and QFT for patients at high risk of TB exposure (close contact with active TB or immigrants with high risk of recent exposure). Although both options are considered to be acceptable according to Canadian guidelines (5,11), our experience suggests that interpretation was misguided in the majority of cases; in 22 patients, a TST+/QFT− result was interpreted as "no LTBI", although the opposite interpretation was warranted, based on (18) . 2) Physicians wrongly assume that QFT, because of its higher specificity, is an appropriate confirmation test after a TST+ result, although this is only recommended to rule out a false TST+ result in specific situations (eg, positive TST in patients at relatively low risk of developing the disease). In most other contexts, a TST+ result alone is sufficient to pose a diagnosis of LTBI. The test's predictive value, instead of its specificity, is a superior measure of its validity because it accounts for disease prevalence. 3) In some cases, QFT was done alone, without a TST being given first.
Again, this suggests that some clinicians believe QFT to be a superior test to TST, although this statement remains to be supported by current evidence. Alternatively, the use of QFT alone could also be explained by the notable differences between national guidelines; for example, the 2005 American guidelines stipulate that QFT can be used "in all circumstances in which the TST is used, including contact investigations, evaluation of recent immigrants who have had BCG vaccination, and TB screening of health-care workers" and "can be used in place of (and not in addition to) the TST" (19) . This contrasts with Canadian recommendations (11) . Physicians who rely more heavily on American-based medical literature may, therefore, have distinctly different approaches than their colleagues who follow Canadian recommendations. 4) Physicians sometimes delay treatment by ordering an unnecessary QFT. For example, BCG-vaccinated patients recently emigrated from endemic regions and at high risk of recent exposure with a positive TST result may contest treatment and convince their physicians to undergo QFT testing for confirmation. While this strategy is reasonable for low-risk patients, this should not apply to high-risk patients who should be treated. Risk stratification should be evaluated by the pretest clinical setting and not by the result of a QFT.
To improve compliance and uniformity, national efforts should be made to disseminate the summary of the recommendations, via educative tools, if necessary. On a local level, restricted access to QFT or requiring physicians to indicate results of previous TST could be implemented. Further regular audits will permit assessment of the efficacy of these measures.
The present study gave insight into the behaviour of physicians with regard to QFT testing. Our results found that clinicians often use the QFT outside of its recommended scope and occasionally erred in its interpretation, especially when a QFT was not necessary. This potentially prejudices patients needing TB treatment. Until we can better quantify the predictive value of IGRAs in different specific contexts, it is perhaps prudent to use them in conjunction with the TST, as currently recommended by Canadian guidelines (5, 9) . To improve understanding of IGRA use, it may be worthwhile to employ performance indicators such as those described in the present study. Future versions of guidelines could then target sections that appear to be less well assimilated and improve the clarity of misunderstood statements, especially when QFT interpretation leads to potentially hazardous situations.
ConCLuSIon
Canadian recommendations on LTBI investigation and QFT testing were followed inconsistently among physicians in our centre, with potentially serious management consequences. Aside from the ambiguous case of high-risk exposure, where optimal investigation remains unclear, strict compliance to the guidelines should significantly reduce errors in interpretation. The present audit was followed by local targeted corrective interventions and will be reconvened in 2012.
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